ABSTRACT The light brown apple moth, Epiphyas postvittana (Walker), an Australia native tortricid, was found in California in 2006. A Þeld survey of host plants used by E. postvittana was conducted in an urban region of the San Francisco Bay Area. An inspection of 152 plant species (66 families), within a 23-ha residential community, found E. postvittana on 75 species (36 families). Most (69 species) host plants were not Australian natives, but had a wide geographic origin; 34 species were new host records for E. postvittana. Heavily infested species were the ornamental shrubs Myrtus communis L., Pittosporum tobira (Thunb.) W.T. Aiton, Euonymus japonicus Thunb., and Sollya heterophylla Lindl. To survey for parasitoids, four urban locations were sampled, with E. postvittana collected from Þve commonly infested plants [M. communis, P. tobira, E. japonicus, Rosmarinus officinalis L., and Genista monspessulana (L.) L.A.S. Johnson]. Twelve primary parasitoid species and two hyperparasitoids were reared; the most common were the egg parasitoid Trichogramma fasciatum (Perkins), the larval parasitoids Meteorus ictericus Nees, and Enytus eureka (Ashmead), and the pupal parasitoid Pediobius ni Peck. Meteorus ictericus accounted for Ͼ80% of the larval parasitoids, and was recovered from larvae collected on 39 plant species. Across all samples, mean parasitism was 84.4% for eggs, 43.6% for larvae, and 57.5% for pupae. The results are discussed with respect to the potential for resident parasitoid species to suppress E. postvittana populations.
The light brown apple moth, Epiphyas postvittana (Walker) , is a tortricid leafroller that is native to southeastern Australia (Danthanarayana 1975) . It has invaded and established in western Australia, New Zealand, Caledonia, HI, the United Kingdom (Suckling and Brockerhoff 2010) , and, most recently, California (Brown et al. 2010 ). The moth is thought to have Australian herbaceous plants as its ancestral hosts (Danthanarayana et al. 1995) , but is known to feed on numerous herbaceous plants, ornamental shrubs and trees, and fruit and vegetable crops (Danthanarayana 1975 , Geier and Briese 1980 , Wearing et al. 1991 . The long list of recorded host plants includes over 120 species found in Australia, including 23 Australian natives (Danthanarayana 1975, Geier and Briese 1980) , and 250 plant species found in New Zealand (Thomas and Shaw 1982) . Epiphyas postvittana may attack over 500 plant species in 363 genera (Suckling and Brockerhoff 2010) , and it has become a pest on grapes, apples, caneberries, stone fruits, citrus, and numerous ornamentals in Australia and New Zealand, and is considered to be an important invasive pest for North America and elsewhere (Varela et al. 2008 , Brown et al. 2010 , Suckling and Brockerhoff 2010 .
The arrival of E. postvittana in California Þrst was documented in 2006 when the moth was found in Berkeley, CA (Alameda Co.) (Brown et al. 2010) . The pest since has been found in 18 Californian counties, with the largest numbers of moths captured in the Central Coast region (Monterey and Santa Cruz counties) and Bay Area (which includes San Francisco, Alameda, and Contra Costa counties) (CDFA 2011) . Currently, it is most often found on ornamental plant species in urban areas, with small incursions into some agricultural crops in the Central Coast (CDFA 2011) . Commonly infested plants include species from diverse geographic origins, such as a native Californian manzanita, Arctostaphylos densiflora M.S. Baker; the Mexican orange, Choisya dumosa (Torr.) A. Gray; a Mediterranean native myrtle, Myrtus communis L.; Japanese cheesewood, Pittosporum tobira (Thunb.) W.T. Aiton; and Australian tea tree, Leptospermum laevigatum (Sol. ex Gaertn.) F. Muell. (Mills et al. 2009 , Buergi et al. 2011 . Although the availability of susceptible host plant species may not limit this pestÕs movement in California, climate may prove to be the greatest delimiting factor. Epiphyas postvittana favors regions with mild summers (Thomson et al. 2010 ) and in California the pest has not yet been found in the warmer interior valleys, where the hot summers may limit its distribution (Gutierrez et al. 2010 ) into these agriculturally-rich regions. Because E. postvittana does not enter a winter diapause and has only a moderate cold hardness, cold winter temperatures also may limit its distribution further north in California and North America (Bü rgi and Mills 2010) .
Even with these possible climatic restrictions to its movement, E. postvittana has the potential to cause economic losses to CaliforniaÕs agriculture, nursery, and landscape systemÑincluding possible trade restrictions (Varela et al. 2008) . For these reasons, systematic efforts were undertaken to eradicate this pest until spring 2010, when the program shifted to containment rather than eradication. In the event that this pest could not be eradicated, we began investigating the potential for classical biological control and, to initiate this work, we studied the impact of California resident natural enemies on E. postvittana populations in the Bay Area region. Prior Þeld surveys in Santa Cruz and San Francisco counties recovered numerous parasitoid species from E. postvittana larvae and pupae, including Meteorus ictericus Nees and Enytus eureka (Ashmead) (Mills et al. 2009) , and the egg parasitoids Trichogramma fasciatum (Perkins) and Trichogramma platneri Nagarkatti ). However, the interactions among host plant, moth, and natural enemies, have yet to be determined for E. postvittana populations in California, where the mothÕs potential host range is estimated to be over 150 horticultural and 50 agricultural plants (CDFA 2011) .
The aims of this study were to determine host plant use by E. postvittana populations in the Bay Area, as well as the species of indigenous parasitoids attacking this invasive pest. The survey was conducted in the ÔEast BayÕ of the San Francisco Bay Area., where E. postvittana was Þrst discovered and where there is a great diversity of host plant ßora available. SpeciÞ-cally, we conducted a survey of plant species within a discrete urban community to determine the occurrence and relative abundance of E. postvittana and associated parasitoids on different plant species. We also conducted general surveys, at four locations, on known host plant species to determine parasitoid species composition and abundance. The results are discussed with respect to the potential for resident parasitoid species to suppress E. postvittana populations, as well as eradication efforts given the pestÕs current host range.
Materials and Methods
Surveys were made in urban landscapes located within the city limits of Alameda, Albany, and Berkeley (Alameda Co., CA); all in the East Bay.
Complete Survey. A survey of 152 plant species was conducted in the University of CaliforniaÕs residential village in Albany (hereafter UC village). The UC village is a 23-ha student community, landscaped with a wide variety of plant fauna that surrounds 75 apartment complexes, as well as parking facilities, open spaces, and driveways. More than 200 plant species are managed by either the groundÕs crew or residents, resulting in a diversity that includes annuals, biennials, and perennials; shrubs, vines, fruit, and ornamental trees; potted vegetables and herbaceous plants; and ground covers and weeds. Plant species were identiÞed based on two garden plant books (Brenzel 2001, Brickell and Cathey 2004) , and then veriÞed by taking photographs that later were compared with the landscape mapping provided by UC villageÕs maintenance ofÞce. Personnel from UC village groundÕs crew helped conÞrm plant species identiÞcation. The survey was conducted during September 2010, a period coinciding with higher larval E. postvittana population density during the second generation (Buergi et al. 2011) .
Representatives of all ornamental or horticultural plant and weed species that were thought to support lepidopteran larvae were inspected. For each plant species, a patch of land containing at least Þve individual plants was selected, although for some rare species fewer than Þve plants were sampled. For each large plant, a 0.25-m 2 section was randomly selected, with the sample area deÞned by a PVC pipe frame (0.5 by 0.5 m). For each plant smaller than 0.25 m 2 , the whole plant or patch was inspected, the sampled area was measured, and data were transformed (insects per m 2 ) for comparison among plant species. A single patch of Þve plants was sampled for most of the 152 plants species inspected, the exceptions being rare plant species where a patch of Þve plants could not be found.
The foliage within the sample region was thoroughly inspected for eggs, larvae, and pupae of E. postvittana. Other lepidopteran species were noticed occasionally but were not recorded. All observed E. postvittana and parasitoid cocoons were collected and brought to the laboratory where egg masses, pupae, and parasitoid cocoons were reared individually in vials (1 by 5 cm). Larvae were reared individually on bouquets of French broom, isolated in plastic containers (150 ml) and held under controlled conditions (24 Ϯ 2ЊC, 40 Ð 60% RH), with fresh bouquets added as needed. Material was held until the emergence of adult moths or parasitoids; all dead larvae and pupae were dissected for the presence or absence of parasitoids.
General Survey. Additional surveys were conducted at four locations on Þve plant species known to be commonly infested by E. postvittana. The locations and plant species were 1) UC village for myrtle and rosemary, Rosmarinus officinalis L.; 2) the University of CaliforniaÕs Lawrence Hall of Science (hereafter UC Lawrence), located in the Berkeley hills, for French broom, Genista monspessulana (L.) L.A.S. Johnson; 3) the University of CaliforniaÕs Oxford Tract Facility (hereafter Oxford Tract), located northwest of the campus, for Japanese spindletree; and 4) an apartment complex in Alameda, for Japanese cheesewood. For these general surveys, plots were composed of 10 Ð20 sampled plants that were located in areas that ranged in size from 5.8 to 19.8 m 2 , except the UC Lawrence site where plants were randomly sampled from patches of French broom grown around parking lots. Surveys were conducted from June or July to October 2010, with samples taken approximately every 2 wk at each site. On each sample date a 0.25-m 2 plant section was searched and all observed E. postvittana were collected, brought to the laboratory, and reared to adult moths or parasitoids, as described previously.
Moth Identification. Voucher specimens of adult moths reared are in the UC Berkeley Essig Museum. During the project, to verify the correct identiÞcation of E. postvittana, DNA extractions, using the DNeasy tissue kit (Qiagen, Inc., Valencia, CA), were performed on subsamples collected from 40 of the sampled plant species. A segment of the CO1 gene was ampliÞed with primers described by Hebert et al. (2003) . An initial denaturing step at 95ЊC for 5 min was followed by 33 cycles of 30 s at 94ЊC, 1 min 30 s at 51ЊC, and 1 min at 72ЊC; with a Þnal extension of 5 min at 72ЊC. All reactions used Taqpolymerase chain reaction (PCR) Master Mix Kit (Qiagen) with a Þnal MgCl 2 concentration of 1.5 mM and 0.125 M of each primer. A 0.5-l aliquot of genomic DNA was used per reaction in a total reaction volume of 12.5 l. PCR was performed in a Biometra T-personal thermal cycler (Biometra, Horsham, PA) and products were visualized after electrophoresis on 1.2% agarose gels, stained with ethidium bromide. PCR products then were cleaned using the QIAquick PCR PuriÞcation Kit (Qiagen) and submitted to the UC Berkeley DNA sequencing facility for direct sequencing in both directions using the ABI Big Dye V3.1 terminator sequencing reaction kit (Perkin-Elmer) on an ABI 3707xl DNA Analyzer (Perkin-Elmer) with POP seven and a 50-cm array. DNA sequence results were inspected and aligned manually in SeqMan two version 5.07 (DNASTAR, Madison, WI) and the identity of the samples was conÞrmed using the Basic Local Alignment Search Tool (BLAST) on GenBank. All processed samples matched E. postvittana haplotypes published by Tooman et al. (2011) , showing 99 Ð100% similarity.
Data Analysis. Results are presented as means (ϮSE). Average parasitism and the percentage of major parasitoid species reared were compared among different locations. Before data analysis, proportional data were arcsine square-root transformed to satisfy the assumptions of analysis of variance (ANOVA). Data were analyzed using one-way ANOVA for comparisons of means and TukeyÕs HSD test for multiple comparisons of means (JMP software, V. 8.0.3, SAS 2008, Cary, NC) .
Results
Host Plant Use. During the complete survey, 152 plant species (66 families) were inspected at the UC village, representing a diverse assemblage of taxonomically dissimilar species (Fig. 1) . Epiphyas postvittana was found on 75 species belonging to 36 families and, of these, 34 species from 27 families appear to be new host records (Table 1) . Hosts included shrubs (39); ground covers (herbs, ßowers, and weeds) (26); ornamental and fruit trees (8); and climbing vines (2). Of those plant species with a clearly known native origin (as described by Brenzel 2001, Brickell and Of the nine plants surveyed considered to be California native species, two (22.2%) were infested: Little Sur Manzanita, Arctostaphylos edmundsii J. T. Howell, and tree anemone, Carpenteria californica Torr. In comparison, of the nine Australian native plants surveyed, Þve (55.6%) were infested. Overall, plant species in the Rosaceae (14) and Fabaceae (7) were the most common E. postvittana hosts; however, in most plant families surveyed there were some representative species infested (Fig. 1) .
Epiphyas postvittana larvae were found on 70 of 75 infested plant species, whereas the remaining Þve plant species had only egg or pupal stages ( Table 1) . Eggs of E. postvittana were not easily found, with the exception of samples on Pittosporum species, and few pupae (Ͻ0.2 per m 2 ) were found in comparison to larvae (Ͼ5.0 per m 2 ), in part because of the seasonal timing of the survey. For this reason, only the relative abundance of larvae is presented ( Table 1 ). The heavily infested plants included weeds [wild mint, Mentha arvensis L., purple glory tree, Tibouchina semidecandra (Schrank & Mart. ex. DC.) Cogn., horseweed, Pelargonium sp., and common ßax, Linum usitatissimum L.]; ornamental shrubs (tree anemone, Japanese spindletree, myrtle, bluebell creeper, Sollya heterophylla Lindl.); and weedy shrubs (French broom and blue leadwood, Ceratostigma plumbaginoides Bunge) ( Table 1 ). The highest infestation level was on myrtle (37.6 larvae per m 2 ), where E. postvittana feeding resulted in the dieback of foliage on some of the sampled plants.
From the general survey, E. postvittana larval densities on the Þve surveyed plant species show a decline in population density at all sites during the sampling period (Fig. 2) . As before, egg masses and pupae were more difÞcult to Þnd. Eggs were easily visible only on Japanese cheesewood plants. Pupae were not found at the UC Lawrence site. At the Alameda site, where E. postvittana egg masses, larvae, and pupae were all found on Japanese cheesewood, there was seasonal decline (June to October) of all development stages (Fig. 2d) .
Parasitoid Species. In total, twelve primary parasitoid species were found attacking E. postvittana eggs, larvae, and pupae from the complete and general surveys (Table 2) . From the complete survey at the UC village, parasitism ranged from 0 to 100% per infested plant species (Table 1) . Only six E. postvittana egg masses were found at the UC Village and all (100%) were parasitized by either Trichogramma fasciatum (Perkins) or Trichogramma platneri Nagarkatti. Larval parasitism averaged 35.5 Ϯ 2.9% (n ϭ 157), across all plant species. Two solitary larval endoparasitoids, Meteorus ictericus Nees and Enytus eureka (Ashmead), accounted for 76.9% and 16.7% of the larval parasitism, respectively. A single, unidentiÞed Apanteles sp. also was reared, however its rarity suggests this species did not commonly attack E. postvittana or was reared from a different tortricid species that was inadvertently collected during the samples. Meteorus ictericus was found on 39 of 70 E. postvittana larval-infested plant species, whereas E. eureka was found only on 10 of the surveyed plant species. Four solitary larvalÐpupal endo-parasitoids species were recovered, accounting for the remaining 6.4% larval parasitism. These were the ichneumonids Agrypon clandestinum (Gravenhorst) and Exochus nigripalpus Thompson, and the tachinids Actia interrupta Curran and Nemorilla pyste (Walker) ( Table 2 ). Pupal parasitism was 33.7 Ϯ 7.4% (n ϭ 37) averaged across all samples at the UC village; a gregarious endo-parasitoid, Pediobius ni Peck (Hym.: Chalcididae) accounted for all pupal parasitism. Two hyperparasitoid species were also reared, Dibrachys cavus (Walker) (Hym.: Pteromalidae) and Conura side (Walker) (Hym.: Chalcididae), both from cocoons of the primary parasitoid E. eureka.
In the complete survey (UC village), percentage parasitism was not related to E. postvittana larval density per plant (linear regression: F ϭ 0.072; df ϭ 1, 259; P ϭ 0.788; r 2 ϭ 0.0003). During the general surveys (all four sample sites), in addition to the parasitoids described previously, the ichneumonid larvalÐpupal parasitoid Ischnus inquisitorius (Muller) and the pupal parasitoid Brachymeria ovata (Say) were recovered (Table 2) at the Oxford Tract, UC Lawrence, and Oxford Tract sites. As mentioned previously, E. postvittana eggs rarely were found during the general surveys, except on Japanese cheesewood at the Alameda site, where a mean of 5.8 Ϯ 2.4 egg masses per sample date (n ϭ 6) were collected, of which 84.4 Ϯ 7.5% were parasitized by either T. fasciatum (95%) or T. platneri (5%). Larval parasitism averaged 43.9 Ϯ 4.7% across the four sample sites, and parasitism rates were similar at the Oxford Tract (45.1%), UC village (45.9%) and Alameda (53.6%) sites, which were higher than the UC Lawrence (19.5%) site (F ϭ 4.2; df ϭ 3, 24; P ϭ 0.016) ( Table 3 ). There were fewer larval parasitoid species collected at the UC Lawrence site, but lower larval parasitism at this site resulted from lower levels by M. ictericus and higher levels by E. eureka, in comparison with the other three sites (Table 3) . Enytus eureka was the dominant parasitoid at the UC Lawrence site (F ϭ 6.3; df ϭ 3, 24; P Ͻ 0.05), whereas M. ictericus was the dominant parasitoid at the other three sites (F ϭ 14.2; df ϭ 3, 24; P Ͻ 0.001). No A. clandestinum were found at the Alameda site and the percentage of this parasitoid differed among the sample sites (F ϭ 2.3; df ϭ 3, 24; P ϭ 0.09) ( Table 3) . Pupal parasitism averaged 58.7 Ϯ 6.8% across the four sample sites and there was no difference in pupal parasitism rates among sites (F ϭ 2.1; df ϭ 2, 15; P ϭ 0.16). Pediobius ni was the major pupal parasitoid (Table 3) . There was no difference in the clutch size (F ϭ 0.09; df ϭ 2, 54; P ϭ 0.91), offspring sex ratio (F ϭ 0.14; df ϭ 2, 43; P ϭ 0.86), and emergence rate (F ϭ 0.66; df ϭ 2, 48; P ϭ 0.52) of P. ni from parasitized E. postvittana pupae collected at the three locations (Alameda, Oxford Tract, UC village). By pooling all 85 parasitized E. postvittana pupae collected from the three locations, a mean of 31.8 Ϯ 2.4 individual P. ni per host pupa were reared, with an emergence rate of 97.9 Ϯ 0.8%, and a sex ratio of 81.2 Ϯ 2.3% female.
Discussion
Epiphytus postvittana likely is a recent invader in California (Brown et al. 2010) . Despite this presumed short history, the current survey shows that E. postvittana has established on a wide diversity of plant species in the urban landscape of the San Francisco Bay Area. Most of the used host plants were not Australian natives, which were imported primarily for landscaping, but rather came from diverse temperate and subtropical regions. Host plants also included California native plants. As has been noted, E. postvittana demonstrates a remarkable adaptation to various host plant species (Danthanarayana 1975 ) that may aid in its exceptional ability to expand its host range in exotic environments (Suckling and Brockerhoff 2010) . CaliforniaÕs urban landscaping provides a diversity of native and exotic plant species, which this survey showed to contain a suite of acceptable food sources for this invasive species. Although urban areas are a target of ongoing containment efforts (e.g., insecticides, sterile male releases), the vast number and diversity of suitable host plants reduces the feasibility of local eradication within CaliforniaÕs urban environments. More importantly, survey results suggest that urban areas may provide a refuge for this pest, even if suppression programs in outlying agricultural areas are successful.
The plant species survey at the UC village was limited to a single residential community in the East Bay, and our results most likely underestimated the range of plant species suitable for attack because samples were taken in September, when we expected higher larval E. postvittana densities (Buergi et al. 2011 ), but when in fact the seasonal population density already was in decline (Fig. 2) . The observed reduction in collected E. postvittana in September and October may have been caused, in part, by emergence of adult moths, which were not sampled. Therefore, the survey provides a conservative estimate of the diversity of host plants used by E. postvittana. Nevertheless, we found 75 plant species used by E. postvittana in this one urban setting. There is not a complete list of E. postvittana host plants to which we can compare our survey results. Many reported hosts have not been identiÞed to species and, of those plant species listed, there may be a bias toward those of economic importance (Suckling and Brockerhoff 2010) . A recent review listed 135 genera or species that could host E. postvittana, and although this was described as a partial list, most host species were in the Rosaceae (13), Asteraceae (12), and Fabaceae (11) (Brown et al. 2010) . Similarly, we found most species of host plant to be in the Rosaceae and Fabaceae (Table 1) . Still, it also was common that plant families represented by only one or two species in our surveys also were infested (Table 1 ; Fig. 1 ). Most of the collected E. postvittana larvae were third to Þfth instars, indicating successful development of the mothÕs larvae on these host plants. We observed that infested plant species were characterized by soft or Þne leaf texture and dense foliage, such as Irish potato (Solanum tuberosum L.), common ßax, vetch (Vicia spp.), glorytree (Tibouchina spp.), horseweed, Japanese cheesewood, and bluebell creeper (Table 1) . For some plant species only the fresh growing foliage was infested, such as the Japanese privet (Ligustrum japonicum Thunb.) and sweet osmanthus (Osmanthus fragrans Lour.). Plants with dense or whorled leaves also were commonly infested, such as French broom, leadwort (Plumbago spp.), and myrtle; as were plant species with soft needle-like leaves, such as yew plum pine [Podocarpus macrophyllus (Thunb.) Sweet], fern pine (Podocarpus gracilior Pilger), scarlet sprite (Grevillea rosmarinifolia A. Cunn.), and asparagus fern [Asparagus setaceus (Kunth) Jessop] (Table  1) . In contrast, plants with little new foliage growth during the survey (e.g., hardened leaves) rarely were infested, such as oaks (Quercus spp.), CA buckeye [Aesculus californica (Spach) Nutt], magnolia (Magnolia spp.), loquat [Eriobotrya japonica (Thunb.) Lindl.], and wavyleaf silktasse (Garrya elliptica Douglas ex Lindl.) (Table 1) . Besides plant texture and structure, E. postvittana performance and host preferences also may be affected by plant physiological or chemical factors (Rojas et al. 2003 , Pontes et al. 2010 .
For many of the annual ground covers, high levels of infestation found in our September surveys may not be indicative of the plantsÕ year-round importance. For example, whereas many of the Fabaceae appear to support high E. postvittana densities, some of these plant species are not available year-round or may not be suitable throughout the season. Most of the patches sampled had clearly deÞned borders with other species, reducing the possibility that larvae moved from another host onto the sampled plant, but this movement also is a possibility.
A rich diversity of resident parasitoid species was found attacking E. postvittana in the San Francisco Bay Area. Few egg masses were collected in our surveys, but those collected were often parasitized by either Trichogramma fasciatum or T. platneri. Most E. postvittana eggs were collected on Japanese cheesewood at the Alameda site from late June to early July, with T. fasciatum commonly reared and T. platneri rarely reared. Egg parasitoids were reared previously from sentinel eggs of E. postvittana deployed in Santa Cruz and San Francisco, but the Santa Cruz site primarily consisted of T. platneri in the spring and early summer, and the San Francisco collections were dominated by T. fasciatum in the fall ). In Australia and New Zealand, a number of Trichogramma species are associated with E. postvittana (Paull and Austin 2006, Suckling and Brockerhoff 2010) , and a study of Trichogramma funiculatum Carver, in Australia, suggested that egg parasitism similarly was higher in late summer or fall (Danthanarayana 1980) . From both surveys, Meteorus ictericus, Enytus eureka, and Agrypon clandestinum were the three most commonly reared larval parasitoid species, although M. ictericus was clearly the more dominant of the three species (Table 3) . Other parasitoids included the tachinids Actia interrupta and Nemorilla pyste, which are relatively common parasitoids of Nearctic tortricids (OÕHara 2005) . Two pupal parasitoids were found, with Pediobius ni accounting for 30.0 Ð78.1% parasitism of collected pupae, although the number of pupae collected was low. The diversity of pupal parasitoids in our survey may be under-represented as relatively few pupae were recovered. In its native Australian range (Paull and Austin 2006) and introduced New Zealand range (Thomas 1989) , numerous parasitoid species have been reared from E. postvittana larvae and pupae. Key parasitoid species include larval parasitoids Dolichogenidea tasmanica (Cameron) and Goniozus jacintae Farrugia, the tachinid ßy Trigonospila brevifacies (Hardy), and the pupal parasitoid Xanthopimpla rhopaloceros Krieger (Suckling and Brockerhoff 2010) . Biological control has been demonstrated to be capable of suppressing E. postvittana in New Zealand, where the pest has been successfully managed through a combination of biological control and threshold-based applications of selective insecticide (Varela et al. 2010) .
The generalist parasitoids reared in our survey likely moved over from tortricid or related species already present in California. For example, an earlier survey reared numerous ichneumonoids from California tortricids such as Acleris variegana (SchifferHere, we assume that all parasitoids in our surveys were reared from E. postvittana rather than from any other tortricid species, although we did not make an identiÞcation of the remains of leafroller eggs, larvae, or pupae from which the parasitoids were reared. Molecular identiÞcation of the subsampled specimens showed only E. postvittana, and the reared adult moths were identiÞed morphologically as E. postvittana. In addition, the majority of the other tortricid species expected to be found on the sampled plants are univoltine and would not be found as larvae during the primary collection period (September). The exceptions are A. franciscana and Clepsis peritana (Clemens) (garden tortrix), both of which are smaller tortricid species, and in the case of A. franciscana supporting a very different assemblage of parasitoid species (Coop et al. 1989, Walker and Welter 2004) that were not reared in either of our surveys.
Many factors may inßuence patterns in parasitoid assemblages. In general, host characteristics (such as host plant range and abundance) and habitat characteristics (such as habitat diversity and stability) affect the diversity of parasitoids (Hawkins and Sheehan 1994) . There is often a positive relationship between landscape vegetation complexity and natural enemy abundance and diversity (Marino et al. 2006 ). In the case of E. postvittana, the parasitoid assemblage was composed of generalist species. The heavily landscaped urban environment may be an ideal habitat for generalist parasitoids because it provides a great diversity of host plants and microclimates, which also may result in numerous lepidopteran host species. Although the species richness of parasitoids was relatively high in our survey, the evenness among parasitoid species was not. We had expected that the diversity of host plants used by E. postvittana in our Þeld sites would have resulted in both a richness and evenness of parasitoid species that could provide better pest suppression (Crowder et al. 2010) . Instead, there was commonly dominance by a single parasitoid species at each site surveyed. For example, M. ictericus was the dominant larval parasitoid at the Oxford Tract, Alameda, and UC village, but at the UC Lawrence site E. eureka and A. clandestinum were more common ( Table 2 ). The UC Lawrence site, in the Berkeley hills, differs from the other three sites in that it is more naturally landscaped and has less plant diversity, being primarily French broom and grasses in the under storey of a eucalyptus forest.
Our results show that resident parasitoids may be contributing to the suppression of E. postvittana populations in California, at least on the host plant species monitored in our surveys. Further work may show whether adequate suppression of E. postvittana can be achieved by resident parasitoids present in the urban environments of California or whether introductions of specialized parasitoid species from Australia would aid in the future management of this new invader. We suggest that as E. postvittana expands its range in California, additional parasitoid species will be found using this pest as a novel host. Further studies will better elucidate the levels of pest suppression by abiotic and biotic factors in California and help to determine the need for classical biological controls, as well as targeting those natural enemies that might best Þt into the parasitoid assemblage already present in California. As discussed here, these relationships may be governed, in part, by diversity of host plants available for E. postvittana and other leafrollers, as well as regional differences that inßuence temperature and rainfall (Gutierrez et al. 2010) . The introduction of exotic parasitoids from Australia is being considered with respect to the diversity of natural enemies already present in California, the chance that any introduced parasitoid may interfere with resident parasitoids, and the development of a strategic plan for the long-term management of this pest in California.
